Role of Hox PG2 genes in Nile tilapia pharyngeal arch specification: implications for gnathostome pharyngeal arch evolution.
Phylogenetic reconstructions suggest that the ancestral osteichthyan Hox paralog group 2 gene complement was composed of two genes, Hoxa2 and b2, both of which have been retained in tetrapods, but only one of which functions as a selector gene of second pharyngeal arch identity (PA2). Genome duplication at the inception of the teleosts likely generated four Hox PG2 genes, only two of which, hoxa2b and b2a, have been preserved in zebrafish, where they serve as functionally redundant PA2 selector genes. Evidence from our laboratory has shown that other telelosts, specifically striped bass and Nile tilapia, harbor three transcribed Hox PG2 genes, hoxa2a, a2b, and b2a, with unspecified function(s). We have focused on characterizing the function of the three Nile tilapia Hox PG2 genes as a model to examine the effects of postgenome duplication gene loss on the evolution of developmental gene function. We studied Hox PG2 gene function in tilapia by examining the effects of independent morpholino oligonucleotide (MO)-induced knockdowns on pharyngeal arch morphology and Hox gene expression patterns. Morphological defects resulting from independent MO-induced knockdowns of tilapia hoxa2a, a2b, and b2a included the expected PA2 to PA1 homeotic transformations previously observed in tetrapods and zebrafish, as well as concordant and unexpected morphological changes in posterior arch-derived cartilages. Of particular interest, was the observation of a MO-induced supernumerary arch between PA6 and PA7, which occurred concomitantly with other MO-induced pharyngeal arch defects. Beyond these previously unreported morphant-induced transformations, a comparison of Hox PG2 gene expression patterns in tilapia Hox PG2 morphants were indicative of arch-specific auto- and cross-regulatory activities as well as a Hox paralog group 2 interdependent regulatory network for control of pharyngeal arch specification.